loss of CLE40 function led to the extension of the WOX5 expression domain distally, into the root cap, while gain of CLE40 function resulted in reduced expression in a more proximal region. These data indicate that CLE40 negatively regulates WOX5 expression during wild-type development.
Since CLE40 is an extracellular peptide, it is likely that its activity requires interaction with a receptor. Stahl et al. [5] demonstrate that CLE40-mediated regulation of WOX5 requires the activity of the ACR4 receptor and ACR4 transcription is positively regulated by CLE40. This means that CLE40 negatively regulates WOX5 transcription via an ACR4-sensing mechanism and this mechanism is activated by CLE40 itself. Interestingly, CLV2, a receptor that is required to perceive the CLV3 peptide in the shoot, is not involved in this signalling mechanism. Given that CLV2 was previously shown to be functional in the root, specifically to promote proximal meristem maintenance, the results reported by Stahl et al. [5] suggest that different extracellular peptide signals control the balance between stem-cell proliferation and differentiation in the proximal and distal parts of the meristem [6] .
While similar peptide signals and homeobox proteins are active in the root and shoot, there are clear differences in these regulatory networks. For example, CLV3 is expressed in the stem cells of the shoot and negatively regulates WUS expression in the organiser. In contrast, CLE40 is expressed in the differentiating columella cells and represses WOX5 expression in the quiescent centre organiser. This suggests that there are differences in the mechanisms of stem-cell regulation in the two systems.
The fossil record suggests that roots may have evolved from shoots in euphyllophytes (ferns, horsetails and seed plants) sometime during the Devonian Period (approximately 409-454 million years ago) [7, 8] . The discovery reported by Stahl et al. [5] indicates not only that closely related proteins control the balance between stem-cell proliferation in the shoot and root apical meristems but also that similar regulatory interactions occur in both.
This suggests that there may have been a WUS-CLV3 module that controlled shoot development in ancestral land plants that lacked roots. Then, sometime during the Devonian Period, or even a little earlier, these genes were duplicated and one pair (WUS-CLV3) continued to control shoot stem-cell development, while the other pair (WOX5-CLE40) diversified and went on to control the development of a novel structure -the root.
The results of Stahl and co-workers [5] show that these two networks are still regulated in a similar way despite the almost 400 million years since they diverged from a common ancestor. Circadian Rhythms: A Tale of Two Nuclei
Uncoupling the oscillators in the dorsal and ventral subdivisions of the rat suprachiasmatic nucleus reveals which one of them regulates the circadian rhythm of rapid eye movement sleep.
William J. Schwartz
The circadian clock in the suprachiasmatic nucleus (SCN) of the hypothalamus governs a wide array of mammalian rhythms, from biosynthetic to behavioral, entraining them to the ambient light-dark (LD) cycle. The synchronization, sequencing, and/or segregation of these rhythms, as also shaped by non-circadian factors, creates a temporal program that adapts to the time of day, changing seasons, and local environment. It may seem a small orismological pointconsidering all that remains unknown about this internal timekeeping system -but there has been some ambiguity as to whether the master circadian pacemaker in mammals should be named the suprachiasmatic nucleus or the suprachiasmatic nuclei.
Actually, it was ten years ago that Dr. Gary Pickard called attention to this problem of nomenclature [1] , given the SCN's existence as a paired hypothalamic structure straddling the midline. He preferred nucleus over nuclei; after all, every nucleus in the central nervous system is bilaterally represented, and the left and right halves of the SCN function together as a unitary clock (with one exception that is probably confined to the laboratory setting [2] ). However, now it may be time to switch to nuclei: but top and bottom nuclei, not left and right ones. Since 1980, morphological studies using Nissl stains, Golgi impregnations, electron microscopy, in situ hybridization, and immunohistochemistry have delineated two prominent anatomical subdivisions of the rat SCN (for review, see [3] ). Neurons in the dorsomedial (dm) region, including a population expressing the neuropeptide arginine vasopressin (AVP), are smaller and more tightly packed than in the ventrolateral (vl) region, which is enriched in neurons expressing vasoactive intestinal polypeptide (VIP) ( Figure 1) ; this basic plan appears to be shared by other species, although there are significant variations on the theme [4] .
Ordinarily, these two compartments oscillate together with a circadian rhythm, but we now know that they can be uncoupled. This was first shown in hypothalamic slices containing the SCN, which can be incubated for weeks and exhibit circadian rhythms of AVP and VIP release into the medium. When such cultures are treated with anti-mitotic agents, the two peptide rhythms 'free run' with different circadian periods [5] , suggesting that they represent the outputs of separable oscillators in dm and vl SCN. In vivo, rats or mice exposed to a sudden shift in the ambient LD cycle -advanced or delayed by several hours, as though the animals were transported east or west on a jet airplane -show an SCN with dm and vl activities dissociated transiently over several days. The dynamics of this regional desynchrony have been analyzed on cut tissue sections, or living SCN slices harvested at timed intervals after the phase shift, using assays of gene expression [6] [7] [8] or electrophysiological activity [9] . Stable desynchronization in vivo is also possible; when rats are maintained on an artificially short 22-h LD cycle, they exhibit two distinct motor activity rhythms: one entrained to the LD cycle and the other free-running with a period greater than 24 h, each corresponding to rhythms of gene expression in the vl and dm SCN, respectively [10] . This forced internal desynchronization of rhythms -also including those of sleep and body temperature [11] -resembles the state in humans if their rest and activity cycles are scheduled to periods outside the range of circadian entrainment.
In a recent issue of Current Biology, Lee et al. [12] make the case that the dm SCN oscillator is a functioning circadian pacemaker for a crucial behavioral rhythm, specifically, the rhythm in the propensity to exhibit rapid eye movement sleep (REMS). REMS, the sleep state traditionally associated with dreaming, is also characterized by an electroencephalogram (EEG) that appears almost wake-like and an electromyogram (EMG) that shows a loss of muscle tone. This REMS rhythm is well known, and, in rats, REMS ordinarily shows an approximately three-fold increase in episode duration/ frequency and percentage of total sleep time during the rest phase (either the light phase of the LD cycle or the subjective 'day' in constant darkness) [13] . When the authors studied circadian-desynchronized ratseither transiently after a sudden phase shift or stably when maintained on a 22-h LD cycle -they deduced that REMS followed the rhythm of the dm rather than the vl SCN. This demonstration sets the stage for further dissection of neuroanatomical circuits that underlie the timing of sleep and sleep stages, and eventually for how they interact to bring about the dual regulation of sleep and wakefulness by both a circadian and a homeostatic process (the latter process prominent in the regulation of the intensity of non-REM slow wave activity on the EEG as a function of the length of prior wakefulness). In addition, it raises the exciting prospect of providing a non-invasive approach to ask if and how the disruption of normal circadian REMS-non-REMS architecture might influence sleep's beneficial effects on memory, mood, and performance [14] .
Of course, REMS is not a unitary, indivisible entity but a state composed of elements that are normally coincident but potentially dissociable. Lee et al. [12] assayed the intensity of REMS by recording its tonic features (desynchronization on the EEG and atonia on the EMG). REMS is also characterized by phasic events (rapid eye movements, muscle twitches), and, at least in humans, there are hints for a differential temporal regulation of the tonic and phasic aspects of this sleep stage [15, 16] . It will be interesting to learn if circadiandesynchronized rats not only exhibit a disruption in their REM-non-REM phase relationship, including the appearance of sleep-onset REM periods that Lee et al. [12] describe, but also develop a sleep disturbance characterized by an increase in intermediate or electrophysiologically indeterminate sleep stages.
In addition to its role in regulating circadian rhythmicity, SCN tissue is also critical for photoperiodic timing, as in, for example, the seasonal rhythms of reproductive physiology and behavior of some animals. Two mutually coupled oscillators within the SCN with their phase relationship adjusted by daylength have been hypothesized to underlie this function, but, if so, they are not partitioned left and right and may not be dorsal and ventral; at least as suggested by gene expression studies, they may orient within the rostral-caudal plane [17] [18] [19] . Needless to say, understanding the nature of the intercellular glue(s) that enable such variable cellular clustering is of intense interest to 'SCNologists' [20] . But what is already abundantly clear to everyone is how remarkable this clock in the SCN truly is; not a rigid metronome but a precise, programmable, reconfigurable timepiece that has evolved to meet the challenges of adapting to life on our rotating world. 
